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Carnotite ore ready for shipment at coke ovens 

T
HAT the United States is now independent of Eu
rope for its supply of radium has been demon

strated by the successful operation of a large experi
mental plant at Denver, Colo., under the joint aus
pices of the National Radium Institute and the United 
States Bureau of Mines. It is now possible to utllize 
in a commercial way the carnotite ores of Colorado 
and Utah, and obtain this valuable element which ha!'l 
already become so important in medicine and surgery. 
Indeed, aside from the war cutting 01I European ra
dium, some of which was extracted from American 
ores, the supply available for American hospitals is far 
from adequate, and it was largely this consideration 
that led to the formation of the National Radium In
stitute by Dr. Howard A. Kelly, of Baltimore, and 
Dr. James Douglas, the well-known mining engineer, 
of New York city. Accordingly, when the National 
Radium Institute proposed to place at the disposal of 
the United States Government certain claims in the 
Paradox Valley, Colorado, leased from the Crucible 
Steel Company, containing carnotite, a rare metal bear
ing ore containing uranium oxide in large quantities, and 
capital up to $150,000, for constructing and equipping 
a plant that would turn out radium on a large scale, 
the Bureau of Mines gladly agreed to cooperate. The 
research and technical work was to be in the hands of 
the Government scientists under the general direction 
of Dr. Charles L. Parsons, Chief of the Division of 
Mineral Technology, and Dr. R. B. Moore, Physical 
Chemist of the Bureau, was placed in charge of the 
laboratory and refining plant which was built at Denver. 
The mining and concentration of the 
carnotite ore was carried on under the di
rection of an assistant mining engineer, 
and experimental work, analyses and 
measurement undertaken by a well-or
ganized technical stalf. A suitable plant 
was erected and equipped, and began to 
supply radium regularly in June, 1914, 
and In February, 1915, its capacity was 
increased by additional buildings and 
equipment more than 100 per cent. The 
plant as now in operation includes its 
main buildings and laboratories, a grind
ing and sampling mill, and a nitric acid 
plant. 

SCIENTIFIC AMERICAN 

Industrial Prepared
ness Series 

Extracting Radium from 
American Ores 

By Herbert T. Wade 
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'A vein of carnotite ore, at Bull Canyon, Colo. 

silica and easily treated further. In addition to the 
radium the uranium and vanadium contained in the 
carnotite can also be obtained. The general process of 
extraction is indicated by the accompanying diagram. 

The ore is first ground to 20 mesh, then leached with 
strong hot nitric acid. After the acid is drawn olf 
into an earthenware vacuum filter, the remaining sand 
held back in the pot is given an acid wash with weaker 
acid and then after being dumped on the filter is 
washed with hot distilled water, the entire process con
suming about seven hours. The filtrate Is diluted with 
water and sodium hydroxide is added so that radlum
barium sulphate is precipitated. This is further 
treated, and finally the radium-barium sulphates are 
placed in iron pans and dried in a hot air oven. These 
radium-barium sulphates then are refined, and the first 
process is to obtain a high grade sulphate, eliminat
ing the silica and other impurities. The original sul
phates are then reduced with carbon either in an elec
tric or oil furnace, and then the sulphide is treated 
with hydrochloric acid, so that it becomes radium
barium chloride froW' which by a process of fractional 
crystallization the barium chloride is crystallized out, 
the main difficulty being with lead, which, unlike the 
other metal salts, requires special treatment. The 
barium chloride and radium chloride are then treated 
with ammonium carbonate, and carbonates are ob
tained which are dissolved in hydrobromic acid and 
are evaporated to give bromide crystals. After the 
final fraction the crystals are collected in glass tubes, 
which are sealed and measurements are taken from 

time to time. Finally by a process of 
higher fractionation the radium is sep
arated and is obtained in the form of 
radium bromide. 

Of course, this method which is merely 
outlined requires infinite care and pa
tience, and must be accomplished by fre
quent measurements with a speCial elec
troscope to determine the amount of 
radium present. 

The work of this most interesting in
stallation has recently been described in 
Bulletin No. 104; of the United States Bu
reau of Mines, which is a substantial 
contribution to the technical literature of 
radium. Not only were former methods 
of extracting radium from the ores stUd
ied by the experts of the Bureau, but 
new methods were discovered, and it was 
shown that by using a new and special 
process the cost of producing radium 
need not exceed $40,000 per gram, and 
that 90 per cent of the radium contained 
in such ore as was available to the Bu
reau could be extracted. When it is re
called that radium has been selling in the 
"Cnited States for about $120,000 per gram· 
the importance of the work may be real
ized. 

The Denver laboratory of the U. S. Bureau of Mines, showing Prof. R. B. Moore 
in charge of the omce and Karl Kithil, spec:iaI investigator 

The delicacy of modern chemical 
method is shown in the fact that there is 
extracted from the ore an element that 
exists in it in the proportion of 1 part to 
200,000,000, so that in working a process 
on a wholesale scale, not merely in a 
laboratory, there are involved refinements 
which are not ordinarily encountered in 
metallurgical operations. Accordingly 
when it is realized that 90 per cent and 
over of the radium present has been re
Claimed by the nitric acid method, where 
anything over 50 per cent would have 
been considered satisfactory, the success 
of the work of the National Radium 
Institute can be realized. Up to Sep
tember 1, 1915, 1,947.5 milligrams of ra
dium in the form of high grade chloride 
or bromide had been delivered out of 4,774 
milligrams of radium produced as sul
phate. This varied in purity, running all 
the way from 6 to 15 per cent to high 
grade product of as much as 87.8 per cent. 
The cost of producing the radium is also 
considered in some detail. The average 
cost of 1 gram of radium based on the 
production up to August 1, 1915, or from 
4,258 milligrams of radium element cost· 
ing $155,322.09 was $37,599. In addition 
there were extracted 31,650 pounds of 
uranium oxide and 11,528 pounds of va
nadium oxide. The average cost of the 
ore was $96.36 a ton, somewhat below 
the ordinary commercial value, so that 
had the ore cost $120 per ton, a fair value, 
it would have brought the cost of radium 
to $41,742 per gram, and an increase In 
cost of $20 per ton over this amount· 
would have increased the cost approx
Imately $4,000 per gram. 

In the preparation of radium on a com
mercial scale, one of three general classes 
of methods usually is followed: (1) Use 
of acid leach; (2) Use of an alkaline 
leach followed by an acid leach; (3) 
�'using the ore with some material that 
will break up the ore and make the ex
traction of the valuable contents possi
ble. These methods, however, the United 
States Government investigators, after In· 
vestigation, set aside in favor of a new 
method which made use of nitric acid In 
which inCidentally sodium nitrate was re
covered as a by-product and from which 
nitric acid could be once again made. 
This process gives the radium at once In 
the form of a high grade radium-barium 
sulphate. which is practically free from The filter presses in the new plant 
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The results of this investigation are Of 
great and varied Interest. It is shown 
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Fnmaces for the reduction of sulphates and refining of sodium uranate Recovery of sodium nitrate, showing the evaporation and crystallizing pans 

that radium can be produced commercially from Ameri
can ores, as the patents are available to any citizen of 
the United States, that there are ore deposits that may 
be utilized for producing the radium in greater 
amounts than previously, and finally that radium for 
use in the Government hospitals and other experi
mental work can be obtained from Government lands, 
if such still exist, or from ore purchased in the open 
market_ 

The Use of X-Rays With Intervals of Red 
mumination 

By Jacques Boyer 

P
ROF . .J. BERGONIE, of Bordeaux, France, to whom 
electricity in medicine owes a number of important 

advances, has recently evolved an original 
method of applying X-rays in surgery. 

At the present time the surgeon, manip
ulating his instruments under the fluores
cent screen, is compelled to work in dark
ness, although all the while he exposes 
himself to the harmful effects of the X
rays. On the other hand, the surgeon 
working in bright light is obliged to de
pend on an assistant who, alone in a posi
tion to see the X-ray images on the screen, 
guides him in his work. Because of the 
drawbacks of both these methods, many 
surgeons prefer to perform their work 
without the aid of the X-rays. The new 
method worked out by Bergoni�, which is 
based on the law of simultaneous contrast 
of colors, will undoubtedly cause many 
surgeons to resort to the use of the X
rays in their work. The principle in
volved, originally formulated by Chevreul, 
is best demonstrated as follows: 

the red light is supressed in order to SUbstitute that of 
the X-rays from below the operating table for the 
purpose of exploring the region of the operation, the 
surgeon and his assistants are able to perceive very 
readily and without loss of time the greenish images 
appearing on the fluorescent screen. Heretofore, the 
employment of normal illumination during intervals 
has caused not only much eye fatigue to the surgeon 
and his aides, but has resulted in lengthening the opera
tion because of the time necessary to accommodate the 
retina of the eye to the change. With the method of 
Prof. Bergoni�, however, an operation is readily per
formed under red light, and when the greenish X-ray 
illumination is substituted, the surgeon is able to 
scrutinize the fluorescent screen with equal facility 

quired two radiograph examinations; another, in which 
a shrapnel splinter was dislodged from the region of 
the thigh bone, at a depth of ten centimeters, required 
six X-ray examinations-the patient in this instance· 
was stout and muscular. It is of interest to note that. 
among other peculiarities, a pure red light causes the
blood of the arteries to appear almost colorless and 
quite distinctive from the blood of the veins, and 
that when the blood becomes almost black it is an in
dication that the chloroforming of a patient is well 
under way. 

For several months past Prof. Bergoni� has been 
applying his method in the hospital of Bordeaux, where 
it has given much satisfaction. The luminous dome 
which furnishes the red light is placed directly over the 

operation table and is of about the same 
dimensions as the latter, so as to avoid 
shadows being cast on the patient. The 
dome contains 20 lamps of 25 candle
power each, the rays of which pass 
through red glass. Although the illumina
tion thus furnished is admittedly poor, as 
may be noticed in one of the accompany
ing illustrations, the surgeons declare that 
it is sufficient for their purpose. 

Effect of Static Charge Upon Rubber 

If the eyes rest for several moments on 
an object of a certain shade, after which 
they are turned away, the eyes retain for 
a few instants the complementary color 

Surgeon and his assistants performing an operation under a red Opt, 'between 
X-ray emminations 

F
ONTANA showed that the inside vol
ume of a Leyden jar increased during 

an electric charge. If the jar contains 
water which serves as one of the coat
ings, the level of the liquid is seen to 
lower when the jar is charged, on account 
of the jar's increase in volume. Later on, 
Korteweg and .Julius showed that in the 
case of rubber as dielectric, the deforma
tions vary roughly as the square ot the 
dielectric field. The French scientist, L . .  
Bouchet, now makes a series o f  careful 
researches as to the effect of the electric 
charge upon rubber, and uses a rubber 
sleeve which undergoes the action of the 
charge on both sides so as to produce an 
analogous effect to the Leyden jar experi
ment. Water contained inside the sleeve 
communicates with a capillary tube so 

that any small change in volume is readily 
seen in the height of the liquid in the 
tube, and the water level is observed by 
a microscope. He used a high tension 
dynamo furnishing 550, 1260, 1800 «nd 
2520 volts, and the water level was noted 
at regular intervals during 2 minutes 
after the action of the electric charge, i� 
each case. During that period, the level 
first lowers quickly, then more slowly and 
finally reaches a fixed point. The author 
already noted that under the action of 
constant mechanical pressure of about the 
same order of strength as here used, the 
same rubber piece required about 20 
seconds to reach the limit of deformation. 
This limit is now greater in time for 
the electric action, and he concludes 
that up to the 20th second there is a 
combined electrical and mechanical ef
fect, while after this point the elec-

of the subject previously observed; this 
phenomenon being due to the persistence 
of luminous impressions on the retina of

' 

the eye. For example, observe for a few 
moments a red flower and then turn to a 
disk of white porcelain. The disk will 
appear to be of a greenish tint. As 
Chevreul has demonstrated, this phe
nomenon is one of the reasons for the 
intensification of. a color impression when 
two complementary colors are placed in 
juxtaposition. Modifying the experiment 
just cited by taking a. disk of greenish 
shade, it will be observed that the green is 
intensified by the green impression made 
on the retina of the eye by the red vision. 
Likewise, if the eyes are brought to bear 
on the red flower, its color will be in
creased with the red impression given to 
the retina by the green disk. In conclu
sion, the two colors reciprocally improve 
each other, and Prof. Bergoni� has 
made use of these facts to facilitate the 
task of the surgeon who, in the course of 
an operation, utilizes the X-rays in order 
to see through the body of his patient. 

ExaminIng the region of an operation by means of a fluorescent screen. which 
is excited by the X-rays 

After being placed in a darkened chamber, Prof. 
Bergoni� illuminates the operating room by means of 
an intense red light of great purity, in which there is 
not a single green or yellow radiation suc� as are 
emitted by the fluorescent screen of the X-ray ap
paratus. Due to the effect of contrast, the 'sensibility 
of the retina of the surgeon and the assistants is con
served and even increaseQ during the period of surgical 
intervention using the red light. Furthermore, when 

since the retina is immediately accommodated. To 
state the Bergoni� method definitely: The active phases 
of an operation are executed under red light, while the 
X-ray examinations of the patient's body in the region 
of the operation are made in the greenish light of the 
X-rays for an interval seldom exceeding 30 seconds. 
As to the number of examinations required, this is 
determined by the case at hand: for instance, one case 
in which shrapnel was extracted from a man's heel re-
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tric effect proper is the only one which enters in. 

Game Sanctuaries in the National Forests 

A
CCORDING to the Geographical Review, Dr. W. T. 
Hornaday is urging upon Congress the passage of a 

bill authorizing the Secretary of Agriculture to take 
over those parts of the national forests that are not 
adapted for other purposes and establish in them game 
sanctuaries where game will be bred and set free. 


